Nickel is an important element, not only for industry, but for biological systems as well. 1, 2 In rapidly expanding analytical fields, such as environmental, biological and material monitoring for trace metals, there is an increasing need to develop simple, sensitive and selective analytical techniques that do not use expensive or complicated test equipment. Many sensitive instruments, such as spectrofluorometry, X-ray fluorescence spectrometry, neutron activation analysis, atomic absorption spectrometry, chemiluminescence, and the like have been widely applied to the determination of nickel.
Nickel is an important element, not only for industry, but for biological systems as well. 1, 2 In rapidly expanding analytical fields, such as environmental, biological and material monitoring for trace metals, there is an increasing need to develop simple, sensitive and selective analytical techniques that do not use expensive or complicated test equipment. Many sensitive instruments, such as spectrofluorometry, X-ray fluorescence spectrometry, neutron activation analysis, atomic absorption spectrometry, chemiluminescence, and the like have been widely applied to the determination of nickel. [2] [3] [4] [5] [6] [7] [8] However, the spectrophotometric method still has the advantages of simplicity and requires no expensive or complicated test equipment. For this reason, a wide variety of spectrophotometric methods for the determination of nickel have been reported. [9] [10] [11] [12] [13] [14] [15] [16] Each chromogenic system has its advantages and disadvantages with respect to sensitivity, selectivity and rapidity. [9] [10] [11] [12] [13] [14] [15] [16] In previous work, some 2-quinolylazo-phenol reagents were reported for the determination of metal ions. [17] [18] [19] [20] [21] [22] This type of reagent has higher sensitivity than pyridylazo reagents because of its larger conjugated system. However, the 2-quinolylazophenol reagent also has a disadvantage of poor selectivity, because both the oxygen atoms and nitrogen atoms donate to the metal ions. To select a more sensitive and selective reagent, in our previous work, 2-(2-quinolylazo)-5-diethylaminoaniline (QADEAA) was synthesized and its application for the determination of silver was reported. 23 This reagent has a higher selectivity than 2-quinolylazo-phenol reagents because it only donates nitrogen atoms to metal ions. In this work, we thoroughly studied the color reaction of QADEAA with nickel. Experiments show that the molar absorptivity of this method reaches 1.38 × 10 5 l mol -1 cm -1 at 595 nm. When masked with sodium thiosulfate and sodium fluoride, most of the routine foreign ions do not interfere with the determination. Based on this, a highly sensitive, selective and rapid method for the determination of nickel in a biological sample, water and alloy was developed.
Experimental

Apparatus
A UV-160A spectrophotometer (Shimidzu Corporation, Tokyo, Japan) equipped with 1 cm cells was used for all absorbance measurements. The pH measurements were made with a Beckman Φ-200 pH meter (Beckman Instruments, Fullerton, CA, USA).
Reagents
QADEAA was synthesized as described in our previous literature, 23 and a 5 × 10 -4 mol/l of QADEAA solution was prepared by dissolving QADEAA with 95% ethanol. A stock standard solution of nickel (1.0 mg/ml) was obtained from Chinese Standard Center, and a working solution of 2.0 µg/ml was prepared by diluting this solution with 1% hydrochloric acid. A 0.5 mol/l of pH = 6.0 ammonia-ammonium chloride buffer solution (containing 0.1 mol/l sodium thiosulfate and 0.2 mol/l sodium fluoride) was used. A sodium dodecyl sulfonate (SDS) solutions (1.0% (w/v)) was prepared by dissolving SDS with water. All chemical used were of analytical grade, unless otherwise stated, and bidistillied water was used throughout.
General procedure
To a standard or sample solution containing no more than 8 µg of Ni(II) in a 25 ml calibrated flask, 5 ml of a 0.5 mol/l ammonia-ammonium chloride buffer solution (containing 0.1 mol/l sodium thiosulfate and 0.2 mol/l sodium fluoride), 4.0 ml of a 5 × 10 -4 mol/l QADEAA solution and 2.0 ml of a 1.0% SDS solution were added. The mixture was diluted to a volume of 25 ml and mixed well. After 10 min, the absorbance was measured in a 1 cm cell at 595 nm against a reagent blank prepared in a similar way without nickel. 
Results and Discussion
Absorption spectra
The absorption spectra of QADEAA and its Ni(II) complex under the optimum conditions are shown in Fig. 1 . The absorption peaks of QADEAA and its complex at pH 6.0 are located at 460 nm and 595 nm.
Effect of acidity
The results showed that the optimal pH for the reaction of Ni(II) with QADEAA is 4.8 -8.2 (Fig. 2 ). An ammonia-ammonium chloride buffer solution of pH 6.0 was recommended to control the pH; the addition of 3. . All other conditions were according to the general procedure. mol/l of sodium thiosulfate and 0.2 mol/l of sodium fluoride in the buffer were recommended.
Effect of surfactants
The effect of surfactants on the Ni(II)-QADEAA chromogenic system was studied (Table 1 ). In the absence of surfactants, as well as cationic surfactants (cetyltrimethylammonium bromide (CTMAB)) or a cetylpyridinium bromide (CPB)) medium, the Ni(II)-QADEAA chromogenic system gave a low absorption, whereas, in the presence of anionic surfactants or nonionic surfactants medium, the absorption of the chromogenic system increased markedly. Experiments showed that SDS is the best additive. The use 1.0 -5.0 ml of an SDS solution gave a constant and maximum absorbance; accordingly, 2.0 ml was recommended.
Effect of the QADEAA concentration
For up to 8 µg of Ni(II), the use of about 3.5 -5 ml of a 5 × 10 -4 mol/l of QADEAA solution has been found to be sufficient for a complete reaction. Accordingly, 4 ml of a QADEAA solution was added for all further measurements.
Stability of the chromogenic system
After mixing the components, the absorbance reached its maximum within 6 min at room temperature, and remained stable for at least 12 h.
Calibration curve and sensitivity
The calibration curve shows that Beer's law was obeyed in the concentration range of 0.01 -0.4 µg Ni(II) per ml. The linear regression equation obtained was: A = 2.38C (µg/ml) + 0.0149, (r = 0.9993). The molar absorptivity was calculated to be 1.38 × 10 5 l mol -1 cm -1 at 595 nm. The relative standard deviation at a concentration level of 0.2 µg Ni(II) per ml (11 repeat determination) was 1.24%.
Composition of the complex
The composition of the complex was determined by continuous variation and the molar ratio method. Both showed that the molar ratio of Ni(II) to QADEAA was 1:2.
Interference
The selectivity of the proposed method was investigated by the determination 5 µg/25 ml of Ni(II) in the presence of various ions within a relative error of ±5%; the results are given in Table 2 .
Application
The proposed method has been successfully applied to the determination of nickel in biological samples, water and alloys.
For biological samples, an appropriate amount of samples was decomposed in a 50 ml round-bottom flask by heating with 20 ml of concentrated nitric acid and hydrochloric acid (10 + 1) on a hot plate until near dryness. A dropwise addition of concentrated nitric acid was needed to obtain a colorless or yellow residue. The residue was dissolved with 5 ml of water and neutralized with a sodium hydroxide solution. The solution was transferred into a 25 ml volumetric flask. The nickel contents were directly analyzed by a general procedure. The results are given in Table 3 . Ref. For a water sample, an appropriate volume (planting effluents, 30 ml; river water, 100 ml; tap water, 300 ml) of water sample was taken in a 500 ml flask. Samples were concentrated to about 10 ml by heating on a hot plate. 10 ml concentrated nitric acid and 2 ml of 30% hydrogen peroxide were added in this solution. The mixture was heated on a hot plate and evaporated to near dryness. The residue was dissolved with 8 ml of 5% hydrochloric acid and transferred into a calibrated flask. The solution was neutralized with sodium hydroxide, and analyzed by a general procedure. The recovery of nickel was determined by adding 1.0 µg of nickel to water samples. A standard method using atomic absorption spectrometry was also used as a reference method. The results are given in Table 4 .
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For low-alloy steel, 0.1 g of steel was accurately weighed, and dissolved in 5 ml of HCl (1:1) and 5 ml of concentrated HNO3 with gentle heating; 3 ml of perchloric acid was added, and the solution was carefully evaporated until a dense white fume evolved. This was cooled and the water was added to dissolve the salt. The solution was transferred to a 100 ml standard flask and diluted to the mark with 1% HCl. The nickel content was determined by taking an appropriate volume of this solution as a general procedure. The results are given in Table 5 .
A comparison of the possibilities of QADEAA with those of other methods for the spectrophotometric determination of nickel (Table 6) shows that QADEAA is one of the sensitive, selective and convenient spectrophotometric reagents for nickel.
